8 Claims. ABSTRACT OF THE DISCLOSURE
A system for providing a reference beam for generating a hologram from an electromagnetic wave reflected from an object comprising dividing the reflected wave into a reference portion and an object bearing portion, the ob ject bearing portion being directed onto a photographic plate at a first preselected angle thereto, and focusing the reference portion onto a member having a pinhole aper ture therein, the focused reference portion being directed onto the photographic plate at a second preselected angle thereto, the first and second preselected angles being sufficiently different so as to form a hologram on said photographic plate.
This invention relates to an improved system for re cording a wavefront for producing a hologram and more particularly to an improved system for introducing a ref erence beam in recording a wavefront to produce a holo gram.
In wavefront reconstruction, wavefront correction, or any system requiring recording amplitude and relative phase of an electromagnetic wavefront, a reference beam must be utilized. The reference beam and the sample beam are added and square law detected. The sample beam, which may be described as A(x, y)e(x, y) is added to the reference beam Age' and the sum is squared, giving a wavefront represented by the formula:
Ao-A(x,y)--2AoA (x,y) cos ox-d(x, y))
where:
A(x, y) is the amplitude of the sample beam and is an unknown function of spatial coordinates x and y; p(x, y) is the phase of the sample beam and is an un known function of x and y;
A is the amplitude of the reference beam which may be a function of x and y but which is known; and ox is the phase of the reference beam which is known and which is a function of x because the reference beam is introduced at an angle to the sample beam.
In certain wavefront reconstruction systems, the refer ence beam is introduced by placing a mirror near the objects producing the wavefront to be recorded. The mirror must be placed near the object to keep the differ ence of the path of the reference beam and the path of the object beam less than the coherence length of the source. In many cases, placing of a mirror close to the object is very difficult. Image motion is also a problem because relative motion between the object and the mirror causes a blurring of the hologram. A system is needed which will eliminate the requirement for a mirror and the problem of the coherence length of the source as well as compensating for the relative motion between the ob jects and the mirror. The invention described herein provides a means for providing a reference beam in a wavefront reconstruction system which does not depend on mirrors placed near the objects for reflections. As a result, the difficulties in troduced because of the difference in path lengths and the relative motion between the object and the mirror are reduced. Briefly, the invention comprises means for dividing a substantially coherent electromagnetic wavefront re flected from an illuminated object into a reference por tion and an object bearing portion. The reference portion is converted into a point source plane wave by pinhole means for use as a reference beam. The invention also comprises means for superimposing the plane wave ref erence beam onto the object bearing portion of the beam reflected by the illuminated object. The beam portions are superimposed at a predetermined angle with respect to each other. When the object bearing portion, which comprises an irregular wave pattern, is superimposed or made to interfere with the reference portion, which is a plane wave, the resulting interference pattern has an ir regularity that is related to the irregularity of the im pinging wavefronts. At places where the signal bearing waves have their greatest amplitude, the interference fringes have the greatest contrast. At places of low signal wave amplitude the fringe contrast is low. These varia tions in the amplitude of the waves reflected from the object produce corresponding variations in the contrast of the recorded fringe pattern.
The average spacing of the fringes is related to the angle between the signal-bearing waves, object bearing portion, and the reference portion or waves. At places where the signal bearing, object bearing portion makes a large angle with the reference portion, the resulting fringe pattern is comparatively fine. Whereas, where the portions meet at lesser angles the patterns are coarser. Variations in the phase of the signal bearing wave pro duce variations in the spacing of the fringes on a photo graphic record about the average value set by the fixed angle between the object and the reference waves. The recorded pattern is often called a hologram. When the pattern is illuminated by a substantially coherent light beam, a three-dimensional view of the illuminated object appears.
Therefore, it is an object of this invention to produce a reference beam from a portion of a wavefront of energy reflected from an illuminated object.
It is another object of this invention to provide a system for producing a hologram which overcomes the problem of coherence length of the energy source.
It is still another object of this invention to eliminate the problem of having a reflecting surface near an illu minated object for producing a reference beam.
It is still another object of this invention to provide a system for eliminating hologram blur due to Doppler shift caused by the movement of an illuminated object. It is still a further object of this invention to provide an improved system for producing a hologram.
These and other objects of the invention will become apparent from the following detailed description of vari ous embodiments of the present invention taken together with the drawings, which are made a part hereof, in The system comprises recording means 2, on which the hologram is produced, lenses 6 and 7, a pinhole 5, reflecting means 3 and a beam splitter 4. Wavefront is divided into two portions. One portion, called the object bearing portion 9, impinges upon reflecting means 3, such 3,415,587 3 as a mirror, and is reflected onto beam splitter 4 which reflects that portion to recording means 2 such as a photo recorder. The beams are superimposed at an angle 0 to permit interference.
The reference beam is derived from incident beam or wavefront 1. The portion 8 of wavefront 1 used to pro duce the reference beam is focused onto pinhole 5 by lens 6. The pinhole transforms the incident wavefront energp to a point source so that lens 7 is illuminated by the point source to produce a plane wave. The plane wave passes through beam splitter 4 and is superimposed there after with the object bearing portion of the beam on re cording means 2 to produce thereon a hologram of the illuminated object (not shown).
Beam splitter 4 and reflecting means 3 have a predeter mined spacing between them such that the increased op tical length of the reference beam produced by passing through lenses 6 and 7 is compensated for. The optical path length from the object (not shown) to the record ing surface of recording means 2 is therefore substantially the same for both wavefront portions.
The operation of lenses 6 and 7 with pinhole 5 can be described in terms of spatial frequency filtering. Lens 6 receives a portion of the wavefront distribution and forms its spatial spectrum in the plane of the pinhole 5. Pinhole 5 passes a low spatial frequency which lens 7 transforms back to the spatial domain. The result is a wavefront which is essentially plane. When the reference beam por tion and the object bearing portion are added and squared, the cosine result described hereinbefore results.
Reflecting surface 3 should be of a size comparable to the hologram recording photorecorder 2. Lenses 6 and 7 may be of optical glass and pinhole 5 may be produced by etching a bimetallic plate. The lenses, pinhole, reflect ing surface, beam splitter and photorecorder utilized in : the above described embodiment of the present invention are standard components well known to those skilled in the art.
A second embodiment of the system for obtaining a reference beam for wavefront reconstruction is shown in   FIG. 2. A laser 20 is shown illuminating an object 21 which reflects a wavefront 22. A beam splitter 23 divides wavefront 22 into two portions, the first portion being designated the object-bearing portion and the second por tion being designated the reference portion. The first por tion is reflected onto a mirror 24, through a beam splitter 25 to a recorder 26. The second portion passes through beam splitter 23 and is focused by a lens 27 onto a pin hole 28. This portion of the beam is transformed back to the spatial domain by a lens 29 and is reflected by a mirror 30 and beam splitter 25 onto photorecorder 26. The two beam portions are superimposed or added at an angle 6 to produce a hologram from which a view of the illuminated object can be produced.
A preferred embodiment of the system is shown in  FIG. 3 and comprises a recording means 32 positioned so that beam interference is produced by having the reference beam impinge on one surface 33 thereof and the object bearing portion impinge on another surface 34 thereof. The two surfaces are on opposite sides of recording means 32 which may be, for example, a photo The embodiment of FIG. 3 may be modified by re moving lens 38. In such a modified system, even though the reference beam will not be colliminated, the system will still produce a hologram, Although the invention has been described and illus trated in detail, it is to be understood that the same is by way of illustration and example only, and it not to be taken by way of limitation; the spirit and scope of this invention being limited only by the terms of the appended claims.
I claim:
1. A system for generating a hologram from a substan tially coherent electromagnetic wave reflected from an object, comprising: means for dividing said reflected wave into first and second portions and for directing said first and sec ond portions along first and second paths, respec tively, said first portion being directed onto a plane at a first preselected angle thereto; means in said second path having an aperture therein; and means in said second path for focusing said second por tion of said reflected wave onto said aperture means, the wave passed by said aperture means being directed onto said plane at a second preselected angle thereto, said first and second preselected angles being sufficiently different so as to form a hologram on said plane, the difference in the lengths of said first and second paths being less than the coherence length of said electromagnetic wave. 2. The system of claim 1 wherein said electromagnetic wave is a light beam and wherein said means for dividing comprises a beam splitter, 3. The system of claim 2 wherein said means for focus ing comprises a lens.
4. The system of claim 1 further comprising: means in said second path for converting said focused, second portion into a uniform plane wave, said plane wave being directed onto said plane. 5. The system of claim 4 wherein said electromagnetic wave is a beam of light and wherein said means for focusing and said means for converting comprise a pair of lenses disposed on opposite sides of said aperture neas, 6. The system of claim 1 wherein said first and second portions are directed onto the same side of said plane.
7. The system of claim 1 wherein said plane is a record ing surface and wherein said first and second portions are directed onto opposite sides of said recording surface. 8. A system for producing a reference beam for form ing a hologram comprising: means for separating substantially coherent light energy reflected from an object into a reference portion and an object bearing portion; and means for converting said reference portion into a plane wave comprising: a member having pinhole aperture therein; first lens means for focusing said reference por tion onto said pinhole aperture; and Second lens means for producing a plane wave from the light energy emitted from said pinhole aperture.
